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(54) COATING OF GLASS 
(71) Wc, BFG GLASSGROUP, a 
Groupcnient d'Inicrct Economique, C5tab- 
Hshcd under rhc laws of France (French 
Ordinance dated 23rd September 1967), of 
Rue Caumartin 43, 75009* Paris, France, do 
hereby declare ihe invention, for which wc 
pray that a patent may be granted to us, and 
the method by which it is to be perfom^cd, 
to be prtrr:ci:!::rjy described in and by the 
foliowing sta:en"'ent: — 



This ir.vc!:rIon relates to a i";rocess for 
forming a \xx\'c\ or n';e:al compound coarinq 
on a fnce of " " 



si'ch f-.cc while 



jriass substrate by contaaing 
!t is ar elevated lerpcerarure 



15 with n {^ascoui; inccliuni con^visrinf; of or con- 
iciifiing a S'jbyij^nce or substances in gaseous 
phase, v/hich sub;u:i!ice(s) ur.dcrc;o'.'cs) chemi- 
cal i-cnciion or dcccmposirion ;o form said 
inotd or metiil comp^oul:d on said face. The 

20 invention also rehires to apparatus for use 
in carrying oui iuch a progress . 

l':\vt>:<s of ;1]C above kiiid arc employed 
for foiT*iirig coatings v/hich modify tliC 
appiror.t coloi-r of rhc gh5^ a:id/or which 

25 have some other required properties in rc- 
rpcct c>f ir.cicL.'ii r ad iai ion, e.g. an infra- 
red - fi ea i p: ;a p ro pc r t y . 

The kno\m processes do not always enable 
coatinrrs wiih satisfactory properties ro be 
achieved. D:iT:rL:!:ies arc ciicountenxi in 
fonnmg coat sufncicntly quickly to keep 
pace indusrriiil production programmes 

and /or in fonni-V;; coatings which are'of satis- 
faaor>- quality e.g. in rcspca of their uni- 
f or miry of tiiickr.ess and their optical proper- 
tics. 

Tl)c subject of the patent application is a 
coating process which affords im{X>nant 
advantages in res erect of the reliability v>'iih 
wlucii r,o«xi quality coatings can be fomied 
and/or of tbe l>i[;h coating rates which are 
attainable. . . 

The pr(Ke5-s according to the invention, 
wlu'cli is of the kind above refciTcd ro, is 
characterised in that the cr.scous medium is 
caused lo flov,- a! on;: liie substrate face to 
he coarcd as a subr.ranrialiy itirbulencc-free 
layer aJont: a flow passage v/hich is dcnuvd in 
pail by rhc. face of ihe glass ajid wiiich leads 



to an exhaust duaing via which residual 50 
nriedium is drawn away from said face. 

One faaor contributing to the good results 
realisable by this process is the establishment 
of a substantially turbulcncc-frec flowing layer 
of the gaseous medium in contact with the 55 
face to be coated. The flow of gaseous medium 
along the flow passage is considered sub- 
standaily turbulencc-frcc if it is substantially 
free of local circulating currents or vortices 
giving rise to a substantial increase in the 60 
How resistance. In other Vv-ords, the fiow is 
preferably laminar but undulation of rhc fluid 
or minor eddy currents can be tolerated pro- 
vided that d:c required coatinr* mctai or metal 
co.Tipound is formed substantially only at the 65 
boundary layer in contaa with the hot sub- 
strate surface and is not to any significant 
e.vicnt formed as a precipitate u-iihin the fluid 
stream. 

Hxp/criments indicate tJiat as compared 70 
witli hitherto known processes, the proce^.s 
according to the invention makes it easier to 
form a coating, e.g. a nictal oxide coating, 
providing a uniform coverage of the substrate 
surface. The superiority of the new pnxess 75 
appears to be particularly evident wiaen 
attempting to build up coatings rapidly e.g. at 
a rate of at least 700 /v of coaling thicLness 
per second. TTie invention therefore promises 
to be of spedaJ importance v.-hcn coating class §0 
ribbons, in course of continuous production 
at high speeds, e.g. speeds in excess of 2 
metres per minute and even in excess of 10 
nv2tres per minute such as are often attained 
by the float process. 35 

The avoidance of spurious de;x3sits on the 
substrate surface are more easily avoided if 
the now passage within v/hicii i.he coating is 
fonned is shallow. Preferably rlie height of 
the PiOw passage measured liormally to djc 90 
substrate face is at no point in excess of 
4Q> mm. 

The flow passage may be of um'form height 
or the passage may incirasc or dccrea.se in 
height along its length in ilie direction in 95 
wliich the gas flow iake> place. 

It is advantageous for the height of ihc 
flow passage to decrease in ihe direction of 
gas flow therethrough, at least over an end 
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portion of its length leading up to the ex- 
haust ducting. By using a Row passage which 
tapers in that manner it is easier to avoid 
objcciionable turbulence u-ithin the flowing 
layer of gas. Preferably the flow passage 
tapers over at least the greater part of its 
length. An angle of taper of 10° or less is 
usually satisfactory. 

For achieving the best results it is always 
desirable for the coating to be fomuid pro- 
gressively, on successive incrcnacntal portions 
of the substrate face. The invention can be 
applied for continuously coating a face of a 
continuous ribbon of glass and in that case 
it is of course inevitable tha: the fiov/ passage 
will occupy only a portion of the length. of 
che said face and the flow passage and sub- 
strate must be relatively displaced as the 
process proceeds. However even when coat- 
ing a • sheer, it is preferable for the flow 
passat-e to occupy orJy an incrcmciual por- 
tion of at least one dimension of the face area 
to be coated and to bring about relative dis- 
placement of the flow passage a::d substrate 
so as to fomi the coating progressively on 
successive portions of die face. 

Preferably the iiiOLCsaid rclotivc dispiacc- 
ir.cnt occurs in a direction parallel v/ith ilic 
direction in which gas flows along Uic flov.- 
passage. In this ca^e al! of the successively 
coated portions of tlie face are exposed to 
the sanr.e coating conditions inte;iratcd over 
the length of the flow passage. However in 
some cases good results can be obtained by 
bringing about such relative displacement in 
a direcdon nonnal to Lhe said gas flow direc- 
tion along the substrate. For example for 
coating a sheet the flow passage may extend 
along one dimension of the sheet and extend 
across only a portion of the other dimension 
of tl:e sheet and the latter can be displaced 
parallel with that otlicr dimension. 

The advantages of thes process according 
to the invention are particularly notable when 
the process is employed for coating the top 
face of a ribbon of glass which is in continu- 
ous movement at a sjx^ed of at least 2 metres 
per minute, parallel vAih its longitudinal axis 
and in the direction of the gas flow tlirough 
the aforesaid gas flow passage. Tlie flow 
passage can be quite short, which is an im- 
portant consideration in view of the limited 
space which is available in many plants for 
the production and treatment of continuous 
glass ribbons. Generally it is preferable for 
the length of the flow passage (i.e*. its dimen- 
sion measured in the direction of gas flow 
therethrough) to be not more than 2.0 metrcs. 
The length of the flow passage is however 
preferably in all cases not less than 10 cm. 

The invention has been made primarily 
with a view to the formation of good quality 
nwtal oxide coatings on glass substrates. How- 
ever the invention can be applied for forming 
coatings of odier metal comp<:>unds e.g. for 



foiming a coating of a metallic boride, sulph- 
ide, nitride, carbide or arsenide by reacting a 
corresponding metallic or organometallic 
compound with a halogenated boron com- 
pound, H.,S, NH„ CH„ or an arsenic con- 
taining compound, in the absence of oxygen. 
The invention can also be applied for form- 
ing a metal coating. For example a coating 
of nickel can be formed by decomposing 
nickel rrrbonyl under the aaion of heat pro- 
vided the heated substrate, in a reducing 
atmosphere or at least in the absence of 
oxygen, . 

For forming a metal oxide coatmg, the 
invention includes processes wherein a stream 
of oxvgen or oxygen-containing gas and a 
separate stream of a vaporised metal com- 
pound vatli which oxygen reacts to form a 
metal oxide coating on the substrate face 
are caused to flow continuously into said flow 
passage. A parcicui^r and important em.bcdi- 
mei-.t^of the iiiveiuion performed in that way 
employs a stream of a vapourised tin com- 
pound and a stream or streams of oxygcn- 
containiiig gas for forming a tin oxide coat- 

However various ether metal oxide coat- 
can be fonnod in that mr.nncr, e.g. a 
coating of titanium dioxide by reacting 
titanium tetrachloride with o.xygcn. The 
vapourised metal compound will usually be 
diluted with an inert gas, e.g. nitrogen and 
the vapour stream may contain additional in- . 
grcdients for modifying the properties of the 
coating. For example the vapour stream may 
contain antimcriv pentachloricle for fomiing 
antimony dioxide together widi the principal 
oxide int^redient of the coating. 

In certain processes as above referred to 
for forming a metal oxide coating, a gas 
stream consisting of or containing^ a said 
va'x^urised metaf compound is continuously 
discharged into the aforesaid flow passage 
and induces a flow of air into and along such 
passage. 

In some cases d^ie gaseous medium cntenng 
the flow passage cotnprises a layer of vapour- 
ised metal con-.pi>und and a layer of oxidis- 
ing gas which flows between said layer of 
vapourised meral compound and the substrate 
face being coated. When proceeding in that 
wav, the flow ot oxidising gas, e.g. air, be- 
neath the layer of vapourised metal com- 
poun.d, pronv>tcs rapid formation of the coat- 
inj: so ih'di it conunonces to fonn on the sub- 
strate at or near the entry end of the flow 
passage. 

In an alternative procedure, the gaseous 
medium entering the flow passage comprises 
an up[Kr laver of oxidising gas and a layer 
of vapourised metal compound which flows 
beneath such upper layer. The vapourised 
metal comix)und may enter the passage in 
contact with the face of the substrate m 
which case the upper layer of oxidising gas 
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tends to prevent the stream of vapouriscd 
nKtal compound from flowing upwardly away 
from ihc face of the substrate. A parricularly 
advantageous feed system is one- wherein a 
siream of vaix)uriscd metal compound enters 
the flow passage between overlying and under- 
lying streams of oxidising gas. Tlic result 
is that the stream of vapourised metal com- 
pound is depressed away from the top surface 
of the flow passage, so avoiding or reducing 
tendency for oxide deposition to occur on 
such surface, while at the same time a rapid 
formation of the metal oxide coating on the 
glass substrate is promoted by the lower 
stream of oxidising gas. 

As has already been indicated, it is an 
advantage of the invention that good quality' 
coatings can be formed very rapidly. .This 
potential advantage is realis"ed in embodi- 
ments of the process wherein the composition 
of the gaseous medium flowing ihroueh the 
flow passage and the tempcraiure conditions 
to which such medium is exposed arc such 
that the coating forms on xhc substrate face 
at a rate of ai lesst 700 A per second. The 
process as thus performed can be applied for 
for-ming optical coarings on a fast moving 
glass ribbon, e.g. a ribbon advancini: throuizh 
the coating zone, at a speed cf 2 metres per 
irJnute or more e.g. grcarer than 10 metres 
per minute such as is cficn attained in the 
float process. 

The invention includes a process for coat- 
mg a continuous ribbon of glass which is in 
inovcnnent parcillci with its longjitudinal axi.s 
and in the same direction as the direction oi 
gas flow along S3id flow passage, character- 
ised in tha[ tJ>c gaseous mcdiunriiov.'iiig alop;; 
said flow passage derives at least in pan 
from a gas stream which enters said passn-o 
from a path which is at an angle of 45^ or 
less 10 said face. Such a process can be per- 
formed quite convcm'endy in many existing 
fiat glass pro-d'jction plants because a con- 
duit or co.nduits for delivering the gas caji 
be installed with little or no modincarion of 
the plant lay-out. The dcliverv of the or a 
gas stream at an angle of 45^ 'or less to the 
face to be coated is moreover conducive to 
die formation of a coating of relatively homo- 
geneous or uniform structure, e.g. a struaurc 
featuring a regular arrangement of cn'staJs. 

The discharge of gases into d:e flow 
passage at an acute angle to the ribbon is 
favourable also for promoting the required 
non-turbulem llow of gaseous medium alon,^ 
the flow passage. If a process according to the 
invention is c;irricd out so that the gaseous 
medium flowing along such passage derives 
from two or more gas feed streams separately 
discharged into said passage one above an- 
other, a nicely controlled flow of the medium 
along the passage can be achieved even if 
one or more but not ail of such feed streams 
djschargc(s) at an angle of less tlian 45^ to 



the ribbon but for the best results it is pre- 
ferable for tlic mean angle of such discharging 
streams with respect to the ribbon to be less 
than 45^^. In certain* embodiments of the in- 
vention, the gaseous medium flowing along 70 
the flow passage derives from gas feed streams 
of difl"erent compositions which enter the 
passage from paths which arc at an andc 
of 20—35^ to each other. 

The discharge of gas streams into the flow 75 
passage at an inclination to the substrate as 
above described is a feature which can 
adopted with advantage when coating an in- 
dividual glass sheet or a part thereof. How- 
ever, depending on circumstances in a given 30 
industrial plant, there will usually not be such 
a restricted choice of positions for the gas 
feed conduits as there is in a flat glass form- 
ing apparatus. When coating an individual 
sheet, one or more gas streams can be dis- 85 
charged into the flow passage parallel with 
the sheet if so required. 

Preferably the exhaust ducting is in the 
form of a cliimney extending upwardly away 
from the substrate face being coated. The 90 
manner in wliich the flow ta];es place along 
the flow passage is influenced bv tJie suction 
forces v.'hicii exist at the exit of such flow 
passage. The use of a chim^ney extending up- 
v.-ardly av/ny from the face has been found to 95 
be ver>* h>encncial for the quality of the coat- 
ing. Other arrangements of the exhaust dua- 
ing are however possible. For example the 
ducting may be arranged so that gases reach- 
ing the exit end of tlie flow passage are drawn 100 
ofi laterally through one or more transverse 
ducis. This is feasible particulariv if the 
entry end pordon of the ducting' is sub- 
divided into a series of side by side passage- 
v.-ays as hereafter referred to. ' 105 

Advantageously, an exhaust ducting is used 
comprising a plurality cf separate passagc- 
v/ays distributed in side by side relationship 
across sub&randaJly the whole \^-idth of the 
gas flow path through the flow passage. Tne 110 
exhaust of gas via different exhaust ducting 
passage-.vays or through diilerent groups of 
passageways may be independently controlled 
e.g. by means of independently controllable 
extractors, for achieving a required volum.e 115 
flow rate proflle across the width of the flow 
passage. 

Taniailar importance is attached to the 
performance of a process accordi.ie to the in- 
vention for coating a ribbon of glass pro- 120 
greasing from a float ranJc and in that fleld of 
apphcation preference is given to processes 
in which die flow passage is located down- 
stream of the exit end of tlie float tank and at 
a zone wlicre the glass has a temperature in 125 
the range 100° to 650-C 

The invention includes apparatus suitable 
for use in carr>-ing out a coadng process 
according to the invention as hereinbefore 
defined. Apparatus according to the invention 130 
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by partitions- such as 18 into a plurality of 
exhaust passageways distributed in side by 
side relationship across substantially the whole 
width of the gas exhaust path. 
5 A vapour mixture containing SnCU and 
SbC^^ was generated from a liquid phase 
containing such ingredients in a volume ratio 
of 100:1 and this vapour mixture, entrained 
in a stream of nitrogen, was delivered from 

10 vessel 11 through the feed channel 12. 

The temperature of the glass ribbon at the 
region bencnih tiic entry end of the flow 
. passage 13 was about 585 

The rate of delivery of the vapour mixture 

15 into the flow passage 13 and the draught 
forces through the chimney 15 were regulated 
so as to establish along said passage a sub- 
stantially mrbulcncc-free flow of vapour 
mixed with air induced into the passage by 

20 the discharge of die vapour stream, as sug- 
gested by tlie arrows beneath the feed channel 
12. Such regulation was moreover such that 
a coating con;poscd essentially of SnO.. 
togetlier with a small quantity of Sb;:0., ser\'- 

25 ing as doping atient, and hann?; a thickness 
of 2,500 A, was formed on the travelling glass 
ribbon. Rcpjlation of the draught forces can 
be achieved e.g. by using a regulatable faji 
in liie chim::eY i^. 

30 Tl;c coatine on ii:e glr.ss h?.d a green tint 
vicv.'cd by rL-ficrTcd licht. The coated ghss 
had a vcty hirji \'iiiihlc light transparency but 
reflected a significant proponion of incident 
radiation in the far infrared spKCtral region. 

35 The cmisNivity of tlic coaling v/a.s 0.4; its 
difi"usc luminous iransniission v,-as practically 
nil. 

Examination of the costing showed that 
it had an homogeneous st nocture and had 

40 uniform thickness and optical properties. 

A coating method as above described can 
be performed in the same way for coaling a 
continuous ribbon of sheet glass traveiiing 
from the drawing chamber cf a Libbcy- 

45 Owens t\'pe drau-ing machine. For example 
the compartment 4 can equally well be re- 
garded as located v.-ivhin the annealing gai!er\' 
adjoining such drav/;ng machine. 

Example 2 

50 A coating p.^occss was pvcrformcd in the 
same way as Example 1 but the va;x>ur 
mixture loniung the coaiing ccm.f>osi;ion 
derived from a solution of stajuious acetave 
and a sn-iail p.'-op-ortion of ShQ, in gincial 

55 acetic acici, the SbCl- being ndded as doping 
agent. 

The vapour mixmrc from this sol u don was 
entrained into contact with die glnss ribbon 
in a stream of nitrogen from whicli all traces 
60 of oxygen had been removed. The glass ribbon 
had a tempcr;uure of about 533 "C at il^*c 
place of initial contact by the vapour mix- 
ture. The glass ribbon speed was 6 metres 
per minute. 



A coating of SnO^ together with a small 65 
quanuty of antimony oxide and having a 
tliickness of 4000 A, was formed on the glass 
ribbon. Tlic delivery rate of the vapours 
along feed channel 12 and the draught forces 
through the chimney 15 were regulated so 70 
that the vapours were maintained in sub- 
stantially turbulcnce-free flow along flow 
passage 13- ai^l the coaring oxides were 
formed substantially only at the boundary 
layer of vapour in contaa with the hot glass 75 
ribbon. 

The coating had a greenish tint, viewed by 
reflected light. The coanng had a high trans- 
parency to light in the long wavelength region 
of the visible spearum and rcficaed a 80 
significant proportion of incident radiation in 
the far infrared wavelength band. 

The cmissivity of the layer was 0.3. The 
dilTuse luminous transmission of the coaung 
was praaicaJly nil. 85 

The thickness of the layer and its optical 
properties appeared to be truly uniform and 
its stnicturc was hom.ogeneous over the whole 
area of tlie coating. 

In another process according to the invcn- 90 
lion, coatings of good qualit\' were formed by 
following a procedure as just described bur 
using as the feed stock vap^ours of ZrQ^ en- 
trained in a stream of dry air. A layer of 
ZrO. was formed having a grey tint viewed 95 
by refieaed and by transmitted light. 

Example 3 

Using a coating apparauis as represented 
in Figs. 1 and 2 and described in Example L 
vapours of titanium isopropylate 100 

(Ti(OC.H,). 

entrained in a current of nitrogen were 
delivered through the feed channel 12, to 
contact a glass ribbon where its temperature 
was about 605- C. The ribbon speed was 7 105 
nKtrcs per minute. 

The rate of delivery of the vapour mix- 
ture and the aspiration of gases from the flow 
passage 13 into the chimney 8 were regulated 
so as to establish a substantially ncn-turbu- 1 10 
lent vapour flow along passage 13 and so that 
a coating layer of TiOj having a thickness 
of 550 A v.*as formed on the glass ribbon. 

The coating appeared v/hite by reflected 
light. The refractive index of the coating vs-as 1 15 
2^49. The diffuse luminous transmission of 
the coated glass was praaically nil. 

Examination of the coating showed that its 
uhicbicss, structure and optical properties 
• were substantially uniform, 120 

Example 4 

Coating apparatus as rcpret;ented in Fig. 3 
was used for coating a glass ribbon 19 during 
its conveyance on rollers 20 through a com- 
partment 21 of a gallcr}' having rcfractoo' 125 
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roof and sole walls 22, 23. The companment 
21 has end walls formed by displaccable re- 
fractory screens 24, 25. The coating appara- 
tus comprises a shroud 26 defining witli the 

5 too face of the longitudinally moving glass 
ribbon 19 a shallow gas flow passage having a 
length of 40 cm and a uniform height of 15 
mm extending over substanually the full 
width of the glass ribbon. Twin feed channels 

10 27 and 28 )^id from gas reservoirs 29 and 30 
respectively into the entry end of die hori- 
zontal flOw passage beneath the shroud 26. 
The feed channel 27 is inclined at an angle 
of 30^ to the glass ribbon whereas the angle 

15 of inclination of the feed channel 28 is 50^ 
At its exit end the horizontal flow passage is 
subdivided by vanes such as 31 into a 
plurality of side by side exit portions which 
lead into exhaust ducting 32. This duaing 

20 comprises two horizontal exhaust cubes dis- 
posal at right angles to the longitudinitl axis 
of the shroud 26 and leading in opposite 
directions therefrom. Each of such tubes was 
provided with an extractor fan (not shown). 

25 A ribbon of glass was conveyed tltrough 
the coatin?^ stntioii at n speed of 17 niorrcs per 
iTiinurc. The tcmpcraiurc of the gla-vs nt rhc 
coating station v/as 5S0-C. Vapours of iron 
acetylacctonate entrained in a current of dr%- 

30 nitrogen were fed along feed channel 27. A 
current of oxygen was delivered along feed 
channel 28. The rate of feed of the gases 
through the feed channels 27 and 2S and die 
aspirating forces acting \'ia the exhaust ducc- 

35 ing v^-ere regulated in such manner that the 
mixture of gases deriving from feed cliannels 
27 and 28" was maintained in substantially 
turbulence free flow along the flow passage 
beneath shroud 26 and a coating of Fe.O:, 

40 having a tliickness of about 500 A was 
formed on the glass ribbon. The coating 
appeared yellow-amber by transmitted light. 
Examinadon of the coating showed that its 



strjcturc was homogeneous and that it had 
uniform thickness and optical properties. 

By appropriate choice of the starting 
materials a coating of cobalt oxide can be 
formed in a similar manner. By employing 
a suitable mixture of vapours, coatings having 
different colourations and comprising a mix- 
cure of oxides, e.g., a mixture of oxides in 
the group FcJ^^y Co.O^ and Cr.On can be 
formed. 

In die above coating method the gallery in 
which the compartment 21 is located is an 
annealing gallery cormected to a float tank. 
This coating method could also be performed 
for coating a ribbon of float glass before ad- 
mission in the annealing gallery. It could as 
well be performed for coating a glass ribbon 
of scm.e other origin, e.g. a ribbon formed 
in a Libby Owens drawing machine. 

Coaling appararus as described with refer- 
ence to Fig. 3 could be employed in a similar 
manner for coating individual sheets of glass 
during their transportation through a coating 
station. 

Example 5 

By means of apparnrus as used as shown 
in Fig. 3 coalings of various compositions, of 
uruform thickness. and opiical prcperdes, and 
havin,K an homogeneous siruaure were formed 
on ribbons of glass in course of their manu- 
facture. 

The Table below gives the react anrs em- 
ployed for fonning such coatings, also tlie 
temporal u re of the glass on contact thereof by 
the rencrants the composition of the formed 
coating and certain properties thereof. 

In each case dry nitrogen was employed 
as inert carrier for the reactants, and tlic 
coaling was effected in an emrironment free 
from oxygen. The coated glass was kept out 
of contact widi air until the temperature of 
ilio glass was suflkiently low to a%'0!d risk of 
chemical modification of the coating. 



90 



95 



100 



1st Reactant, 
fed through 
passage 27 
Pb(C,HO, 



SiH, 

Cr(CO), 

Ga(CH,):: 



TABLE 

2nd Reactant, Glass Composition 

fed through Temp. 

passage 28 °C 
H,S 200 



of formed 
coating 
PbS 



NH:. 



CH, 



600 



150 



(CH,),AsCN 250 



Si.N. 



Cr,C, 



GaAs 



Properties of coating 



Grey in reflecuon, yellow- 
brown m transmission, for 
thickness of 500 A 

Very chemically stable; re- 
fractive index near that of 
glass; thus nearly invisible 

Hard; acid resistant; light- 
rvficcting grcy-ncutral in 
transmission 

Scmi-conducrivc 



105 



Sheets of glass can.be coated under the 
same conditions. 

Example 6 

A ribbon of glass was coated using appara- 
tus as represented in I'ig. 3. On reaching the 



coaling station the glass ribbon had a 
temperature of 600*^C The ribbon v/as ex- 
posed at the coating station to an atmosphere 
free from oxygen and enriched in hydrogen. 

Vapoui-s of vanadium chloride (VCI^) en- 
trained in a stream of hydrogen were fed to 
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the glass along feed channel 27. Boron 
broniidc vapours (BBr^) entrained in a stream 
of hydrogen were fed through feed channel 
28. 

5 At a coating zone within the shroud 26 a 
coating of vanadium boridc (VB^) formed on 
the glass ribbon. The coating appeared grey. 
The successively coated portions of the ribbon 
were not brought into contact with air until 
10 their temperature had fallen sufficiently to 
avoid risk of chemical modification of the 
coating. 

Coalings of metallic silicon can be formed 
in similar manner by exposing the glass while 
15 at a temperature of 500^C to vapours of 
silicon hydride (Sili^). In such a process it 
is essential to protect the coaung from oxida- 
tion. 

Individual sheets of glass can be coated 
20 under the same conditions. 

Example 7 
Sheets of glass were coated in an apparatus 
as shouTi in Fig. 4. The glass sheets, one 
of whJch is shown and is designated 53, were 

25 placed on a conveyor 34 and transported 
tlicrcby through a coating station. The glass 
sheets on reaching such station had a tempera- 
ture of approximately 200 "C. 

At this coaring. station there is an enclosure 

30 (not shown) through which the convoyor 34 
passes and v.irhin this cncosurc there is a gas 
flow passage 35 through which a gas stream 
containing tl:e precursor of the coating 
material is caused to flow in contact N^-ith 

35 the glass, in a dircaion transverse to the 
direction of movement of the glass sheets. A 
feed channel 36 leads horizontally to such 
flow passage from an entrance shaft 37. 
Surplus gases leaving passage 35 escape 

40 Dhrojgh exhaust duoing 38 the entry end of 
v/hich is internally subdivided by paniiions 
39 into a plurality of side by side fl.ov.* paths. 

The length of the fiow passage 35 (i.e. its 
dimension normal to the direction of move- 

45 ment of the glass sheets) is 1 m and its height 
is 20 mm. 

The aforesaid enclosure at the coating 
station was kept filled v.-ith nitrogen, to the 
exclusion of oxygen, a: slightly above atmo- 

50 spheric pressure in order to avoid inducement 
of air into the coating zone. Nickel carbonyl 
vapours, entrained in a stream of nitrogen 
were delivered through feed channel 36. The 
rate of delivery of this feed stock and the 

55 rate of extraction of surplus gases dirough 
the exhaust ducting 38 were such as to estab- 
lish a subsianiially turbulence-free flow along 
the passage 35 and ensure that a coating was 
fonv.cd on the surface ' of the glass sheets. 

60 which coanng was fonr.cd substantially ex- 
clusively by liie decomposition of the organic 
substance at the boundary layer of vapour 
in contact with the hot glass sheets. The roF.uit 
was that a coating of nickel 100 a in thick- 



ness, was formed on each glass sheet. The 65 
coatings appeared grey by transmitted and by 
reflected light. Each coating was of uniform 
thickness and had . uniform structure and 
optical properties. The coatings uniformly 
transmitted light over a broad visible wave- 70 
length band. The coatings showed minimal 
difTusc luminous transmission. 

By the control of the atmosphere to which 
the coatings formed on the sheets were ex- 
posed at the coating station and by keeping 75 
the temperature of the glass sheets on leaving 
the coating station sufTiciendy low, modifica- 
tion of the coatings on contact with air was 
avoided. 

WHAT WE CLAIM IS:— 80 

1. A process of forming a metaJ or metal 
compound coating on a face of a glass sub- 
strate by contacting such face while it is at 
elevated temperature with a gaseous medium 
consisdng of or containing a substance or 85 
substances in gaseous phase, which sub- 
stance(s) undergo(es) chemical reaction or de- 
composition to form said metal or metal com- 
pound on said face, characterised in that said 
gaseous medium is causc*d to flow along said 90 
face as a substantially turbulence-free layer 
along a flow passage which is defined in pan 

by the face of the glass and which leads to 
an exhaust ducting via v/hich residual mcxiium 
is dra\\-n av,ay from said face. 95 

2. A process according to claim 1, charac- 
terised in that the height of said flow passage, 
measured ncnnally to said face, is at no point 
in excess of 40 mm. 

3. A process according to claim 1 or 2, 100 
characterised ii^ that s:iid flow passage tapers 

in the direction of gas flov/ therethrough, at 
least over an end portion of its length leading 
up to said exhaust ducting. 

4. A process according to any preceding 105 
claim, characterised in ihat said flow passage 
occupies only an incremental portion of at 
least one dimension of the area to be coated 

and said flow passage and said substrate are 
relatively displaced so that the coaring is llO 
formed progressively, on successive portions 
along said face, 

5. A process according lo claim 4, charac- 
terised in that said relative displacement 
occurs in a direction raraJlcl with the dircc- 115 
tion in which the gas flows along said flow 
passage. 

6. A process according to clai.r. 5, charac- 
terised in that said face is the top face of a 
ribbon of glass which is in continuous move- 120 
inenr at a speed of at least 2 metres per 
minute, parallel with its longitudinal axis and 

in die direaion of said gas flow. 

7. A process according lo claim 6, charac- 
terised in that the Icr.gtii of said flow passage 125 
(i.e. its dimension measured in the direction 

of gas flow therethrough) is not more than 
2.0 metres. 
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8. A process according to claim 7, charac- 
rcriscd in that the length of said flow passage 
(i.e. its dimension measured in the direction 
of gas flow therethrough) is not less than 
10 cm. 

9. A process according to any preccdmg 
claim, characterised in that a stream of 
oxygen or oxygen-containing gas and a separ- 
ate stream of a vapouriscd metal compound 
with which oxygen reacts to form a metal 
oxide coating on said face feed continuously 
into said flow passage. 

10. A process according to claim 9, charac- 
terised in that said gaseous m.cdium contains 

15 a vapouriscd tin compound and a tin oxide 
coatine is formed on said face. 

ll/A process according to claim 9 or 10, 
charaaerised in that a gaseous medium con- 
sisting of or containing a said vapouriscd 
metal, coiricound is continuously discharged 
into said fiov/ passage and induces a flow of 
air into and along such passage. 

12. A process according to any of claims 
9 to 11. v/herein the gaseous medium enter- 
ing said flow passage .comprises a layer ot 
vapouriscd m.ctal compound and a layer of 
0KV'^'.'n-:<;:nt;.ir.in.f^ ^:r:,i sWiich is int r\>Juced be- 
tween said layer of vapouriscd metal com- 
pound and said face. 

13. A oroccss according to any of claim.s 
9 to 12. wherein the gaseous medium enter- 
ing said flow passage con'ipriscs an upper 
lavcr or cxvuen-conta^ining gas and a layer of 
vapouriscd rrictal compound which Hows be- 
neath such upper layer. 

14. A process according to any preceding 
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claim, characterised in that the composition 
of said mcdiunri and the temperature condi- 
tions to which it is exposed arc such that said 
coaang forms on said face at a rate of at 
least TOO A per second. 

15. A process according to any prccedmg 
claim, applied for coating a continuous ribbon 
of gbss which is in movement parallel \vith 
iis lonciiudinal axis and in the same direc- 
tion as^ the direction of gas flow along said 
flow p3ssaec. characterised in diat the gaseous 
medium flowing along said flow passage 
derives at least^ in part from a gas stream 
which enters said passage from a path which 
is at 45 -• or less to said face. 

16. A process according to claim 15, charac- 
terised in that the gaseous medium flowing 
along said flow passage derives from two or 
more gas feed streams which enter said 
passage from paths whose average angle to 
said face is 45'^ or less. 

17. A prcKcss according to claim 15 or 
16, characterised in that the gaseous medium 
flowing along said flow passage derives froin 
gas feed streams of diliercnt compositions 
which enter said passage from paths which 
arc at an angle of 20—35'"' to each other. 

18. A process according to any prccedmg 
claim, characterised in that said exhaust duct- 



ing is in the form of a chimney extending 
upwardly away from said face. 

19. A process according to any preceding 
claim, characterised in that said exhaust duct- 
ing comprises a plurality of separate passage- 
ways distributed in side by side relationship 
across substantially the whole widtli of the 
gas flow path through said flow passage. 

20. A process according to claim 19, charac- 
terise':* in that the exhaust of gas via different 
cxha*''i duaing passageways is separately 
controlled. 

21. A process according to any preceding 
claim, characterised in that said substrate is 
a ribbon of glass formed by the float process 
and said flow passage is located downstream 
of the exit end of said tank and at a zone 
where the glass has a lemperaoirc in the 
range 100° to 650-C. 

22. Apparatus suitable for use in forming 
a metal or m.etal compound coating on a face 
of a glass substrate by contacting such face 
while it is at elevated temperature widi a 
gaseous medium consisting of or containing a 
substance or substances in gaseous phase, 
which substancc(s) undergo*cs) chemical re- 
action or dccotv.position fo.'rn said metal 
or metal compound on said face, said appara- 
tus comprising m.eans for supporting said 
substrate, means for healing such substrate, 
m.eans for feeding gaseous medium into a 
space to which such face h exposed, and 
mxans for exhausting r.nu<cd medium from 
such space, charactcrisci' in that the appara- 
tus includes a shroud which is mounted in a 
position such that it defines with the sub- 
strate face to be coated a shallow flow passage, 
in that said feeding means is arranged for 
discharging gaseous medium into such flow 
passage at one end thereof, and in that the 
opposite end of said shallow flow passage 
leads into exhaust ducting via which residual 
medium can be drawn away from such 
passage. 

23. Apparatus accordmg to clami zz, 
characterised in that the spacing of said 
shroud from said substrate supporting means 
is such that v/hen a substrate is in position 
for coating, the height of the shallow flow 
passage, measured normally to said face, is at 
no point in excess of 40 mm. 

24. Apparatus according to claim 22 or 23, 
characterised in that said flow passage tapers 
towards said opposite end tliereof. 

25. Apparatus according to any of claims 
22 to 24, characterised in that means is pro- 
vided for displacing a substrate, while sup- 
ported by said substrate suptx-^riing means, 
relative to said shroud ami in the same direc- 
tion as that in which gas flows along said 
shallow flow passage. 

26. Apparatus according to claim 25, 
characterised in that the length of said shallow 
flow passage (i.e. its dimension measured in 
the direction in which gas flows therethrough) 
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is not more than 2.0 metres and not less than 
10 cm. 

27. Apparatus according to any of claims 
22 to 26, characterised in that said gas 
5 feeding means comprise at least one conduit 
disposed for discharging gaseous medium into 
said shallow flow passage and conscqucndy 
inducing a flow of ambient air into said 
passage. 

10 28. Apparatus according to any of claims 
22 to 27, characterised in that said gas feed- 
ing means comprises at least two conduits 
disposed for discharging streams of gases 
into said shallow flow passage as flow layers 

1 5 disposed one above the other. 

29 Apparatus according to any of claims 
22 to 28, characterised in that said gas feed- 
ing means comprises at least one conduit 
disposed for discharging a stream of gas into 

20 said shallow flow passage at an inclination of 
less than 45° to the substrate face to be 
coated. 

30. Apparatus according to claim 29, 
characterised in that said gas feeding means 
25 comprises vwo or more conduits disposed for 
discharging streams of gas imo said shallow 
flow passage alo.ng paths whose average angle 
lo the substrata fsce to be coated is 45*^ or 
less. 

30 31. Apparatus according to clnim 29 or 
30, characterised in tiiat the gas feeding means 
comprises conduits disposevl for discharging 
streams of gas into said shallcv/ flow passage 
along paths which arc at an angle of 20 — 35*^ 

35 to each otlicr, 

32. Apparariis according to any of claims 
22 to 31, characicriscd in that said exhaust 
ducting is in the form, of a chimney extend- 
ing upv.'3rdly away from said face. 

40 33. Apparatus according to claim 32, 
characterised in that the roar of said chimney 
slopes upwardly and rearwardly from the 
bouom thereof relative to the chimney front. 



34. Apparatus according to claim 33, 
characterised in that the exhaust ducting 45 
comprises a plurality of separate exhaust 
passageways distributed in side by side rela- 
tionship across substantially the whole width 

of the gas flow padi through said shallow flow 
passage. 50 

35. Apparatus according to claim 34, 
charaacriscd in that means is provided for 
independently controlling the exhaust of 
gases through said separate exhaust passage- 
ways. 55 

36. Apparatus according to any of claims 
22 to 35, charaacrised in that said substrate 
supporting means is adapted to support a 
ribbon of glass having a width of at least 2 
metres and moving parallel with its longi- 60 
tudinal axis, and in that the corresponding 
dimension i.e. the width wise dimension of 

said shallow flow passage is at least 1.8 
metres, 

37. Apparatus according to any of claims 55 
22 to 36, charaacriscd in that it is disposed 
downstream of a float tank for use in the 
manufaaure of a ribbon of glass by the float 
process, for coating the upper face of a said 
ribbon whore the glass has a temperature in 70 
the range 100- to 650=C. 

38. A process of forming a metal or metal 
compound coaiip.g on a face of a glass sub- 
strate, as claimed in claim 1 and substantially 
according to any of the Examples herein. 75 

39. Apparatus suitable for use in fonning a 
metal or metal conii>ound coating on a face 
of a glass substrate, as claimed in claim 22 
and substantially as herein described with 
reference to the accompanying drawings. ^0 

HYDE, HEIDE & O'DONNELL, 
Chartered Patent Agents, 
47, Victoria Street, 
London, SWIH OES. 
A^gents for the Applicants. 
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